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(57)Abstract: 

PURPOSE: To provide a forming method of a silicon 
nitride film wherein the improvement of oxidation 
resistance and high speed of film formation are 
compatible with each other. 
CONSTITUTION: A silicon nitride film is formed by a 
thermal CVD method using silane and ammonia as 
material gas, at a temperature lower than or equal to 
630°C and a pressure higher than or equal to 10Torr. In 
this case, higher order silane such as disilane and 
trisilane may be used instead of silane as the material 
gas, and hydrazine or derivative of hydrazine such as 
monomethylhydrazine and trimethylhydrazine may be 
used instead of ammonia as the material gas. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of a semiconductor device of 
having the process which forms a silicon nitride by the chemical-vapor-deposition method. In the 
production process of a semiconductor device in recent years, the importance of a silicon nitride 
increases and the high performance-ization is demanded. 
[0002] 

[Description of the Prior Art] In DRAM, since the bilayer film which oxidized the front face of a heat 
CVD silicon nitride thinly is used as a capacitor insulator layer, the property (oxidation resistance) in 
which even capacitor substrate electrodes, such as polish recon, do not let oxidation kinds, such as 
oxygen, pass is needed for the silicon nitride. 

[0003] In order to form membranes by batch type membrane formation equipment and to maintain the 
uniform thickness distribution between batches and in a batch, a hydrogen chloride-ized silane and 
ammonia are used for the conventional silicon nitride as material gas, and it is forming membranes with 
pressure 0.8Torr extent. However, in order to raise oxidation resistance, when membrane formation 
temperature was reduced, while the membrane formation rate fell, the amount in which the ammonium 
chloride which is a by-product adheres to a membrane formation equipment wall etc. increased, the 
count of cleaning of membrane formation equipment increased, when extreme, the ammonium chloride 
closed piping, the pump down arose, and aggravation of a throughput was caused. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, it could be incompatible in oxidation-resistant 
improvement and a high membrane formation rate, and the problem that improvement in a throughput 
could not be aimed at had arisen. This invention aims at offering the method of forming a silicon nitride 
compatible in oxidation-resistant improvement and a high membrane formation rate in view of the above 
point. 
[0005] 

[Means for Solving the Problem] In the manufacture approach of the semiconductor device concerning 
this invention, a silane and ammonia were used for material gas and the process which forms 630 
degrees C or less for membrane formation temperature, and forms a silicon nitride for a membrane 
formation pressure with a heat CVD method by 10 or more Torrs was adopted. 

[0006] In this case, it replaces with the silane of material gas, and a high order silane can be used, it can 

replace with the ammonia of material gas, and a hydrazine or its derivative can be used. 

[0007] 

[Function] In this invention, the silicon nitride which has high oxidation resistance can be obtained by 
using a silane and ammonia for material gas, forming 630 degrees C or less for membrane formation 
temperature, and forming a silicon nitride for a membrane formation pressure with a heat CVD method 
by 10 or more Torrs as mentioned above, without causing the increment in a by-product, and the fall of 
membrane formation temperature. 
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[0008] In this case, even if it replaces with the silane of material gas, it replaces with the ammonia of 
material gas using a high order silane and it uses a hydrazine or its derivative, the almost same / 
effectiveness is done so. 
[0009] 

[Example] Hereafter, the example of this invention is explained. Drawin g 1 is the explanatory view of 
the membrane formation equipment for enforcing the manufacture approach of the semiconductor 
device of this invention, this drawing -- setting — 1 - for a gas shower and 4, as for a heater and 6, 
susceptor and 5 are [ a bell jar and 2 / gas installation tubing and 3 / a wafer and 7 ] exhaust pipes. 
[0010] The membrane formation equipment for enforcing the manufacture approach of the 
semiconductor device of this invention emits reactant gas to the inside of the bell jar 1 which has the gas 
installation tubing 2 and an exhaust pipe 7 with the gas shower 3 which consists of graphite which 
supported the heater 5 which consists of graphite which covered SiC, can lay a wafer 6 now on it, and 
covered SiC with susceptor 4 on this wafer 6. As this membrane formation equipment, a single-wafe r- 
processing low pressure CVD system can be used. ' 
[001 1] The heat CVD silicon nitride was deposited on the silicon substrate using this membrane 
formation equipment in the membrane formation temperature of 500 degrees C, and membrane 
formation pressure lOOTorr. The membrane formation rate when setting material gas to silane 5sccm 
and ammonia 300sccm is about 30A, and is the same value as the case where it is based on the 
membrane formation approach using conventional batch type membrane formation equipment. 
[0012] Although carrier gas is not used in this example, nitrogen, hydrogen, or an argon can be used as 
carrier gas. Moreover, in this example, although a silane and ammonia were used as material gas, it can 
replace with a silane, can replace with high order silanes, such as a disilane and tri shiran, and ammonia, 
and the derivative of hydrazines, such as a hydrazine or monomethylhydrazine, and dimethylhydrazine, 
can also be used. 

[0013] The effectiveness as the case where a silane is used that it is almost the same when it replaces 
with a silane and high order silanes, such as a disilane and tpjshiiaii^ are used j§jnoduced, and when it 
replaces with ammonia and the derivative of hydrazines, such as a hydrazine or monomethylhydrazine, 
and dimethylhydrazine, is used, the almost same effectiveness as the case where ammonia is used is 
produced. 

[0014] Dr awin g 2 is the related explanatory view of substrate temperature and a membrane formation 
rate. Even if it is 630 degrees C or less, the conditions of the substrate temperature for acquiring the 
required oxidation resistance mentioned later, although a membrane formation rate decreases gradually, 
and a membrane formation rate will decrease a little steeply if it falls from about 600 degrees C as it 
falls from the substrate temperature of about 800 degrees C according to this drawing show maintaining 
practicality, although based also on an applicable field. ' 
[0015] After depositing the silicon nitride of about 10-100A different thickness on a wafer, wet 
oxidation (for 900 degrees C and 100 minutes) was performed collectively, and the thickness before and 
behind oxidation was measured. If a silicon nitride loses oxidation resistance, in order that the oxidation 
kind which oxygen or ozone disassembles and produces may pass through a silicon nitride and may 
oxidize the silicon substrate of a substrate, the thickness after oxidation increases rapidly compared with 
oxidation before. 

[0016] Drawi ng 3 is the related explanatory view of the thickness of the deposited silicon nitride, and 
the thickness of the oxidized coat. As shown in this drawing, when the substrate temperature in a 
deposition process is 800 degrees C, it is shown that the thickness of the coat with which the thickness 
of the deposited silicon nitride oxidized by about 90 A increased rapidly, and the oxidation resistance of 
a silicon nitride was lost. Similarly, when the substrate temperature in a deposition process is 500 
degrees C or 625 degrees C, it is shown that the thickness of the coat with which the thickness of the 
deposited silicon nitride oxidized by about 50A increased rapidly, and the oxidation resistance of a 
silicon nitride was lost. 

[0017] When membrane formation temperature of a silicon nitride is made into 630 degrees C or less, at 
least about 50A of oxidation resistance with high thickness will be acquired from this fact and related 
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measurement. 

[0018] Drawin g 4 is the related explanatory view of the total pressure of a membrane formation ambient 
atmosphere, and a membrane formation rate. It turns out that the membra ne form ation rate of a silicon 
nitride will rise gradually if total pressure of the membrane formation ambient atmosphere of a silicon 
nitride is made high according to this drawing, and it will be saturated more than lOTorr extent if set 
especially to 50 or more Torrs. 
[0019] 

[Effect of the Invention] The place which can obtain the silicon nitride which has high oxidation 
resistance, consequently contributes to the improvement in the property of a semiconductor device and 
improvement in a throughput is large, without causing the fall of a membrane formation rate, and the 
increment in a by-product according to this invention, as explained above. 



[Translation done.] 
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